pedestrians, but the respective algorithms prioritize distance rather than route walkability, because geographical accuracy is the main data point in their design and motor-vehicles their main target audience [4] . Indeed, Wilmott, in ethnographic research he did, revealed several missing components of navigation applications, resulting in unwillingness of pedestrians to fully engage with the application [5] . Therefore, it is likely that the main user interface employed by many pedestrians for understanding and navigating the city is not suitable for their particular needs.
For example, a digital map might depict two adjacent and parallel streets as having the same width and the respective navigation system might guide a pedestrian through any of the two, despite the major differences in actual walkability (Fig. 1) . Indeed, in terms of car navigation, these two streets are exactly similar, since they have one lane for road traffic, but this kind of vehicle-centered information (visual or navigation instructions) is mostly irrelevant for pedestrians. In this work, we suggest that mobile navigation Apps could be improved by an emphasis on the needs and preferences of pedestrians. For this purpose, we have developed a mobile App that facilitates the creation of a pedestriangenerated street network on a digital map. In particular, we suggest that the street network layer could become more relevant to pedestrians, if the way of collecting route data is based on actual pedestrian behavior. In fact, the process in which Spatial Big Data collected is so important for the subsequent development of navigation applications and maps that use them, which, for example, led Wilmott in ethnographic research to understand the process [5] .
Many people in urban areas always carry a smart phone, which is enhanced with accurate geo-location sensors and on-line services. Therefore, it is possible that the paths actually walked by the citizens to be (voluntarily) recorded by their mobile phone and shared with others in order to aggregate the collective intelligence about walkable routes. For this purpose, we created a mobile App that collects route data for pedestrian mapmaking. Since a mobile App collects data from many users, it enables cost-effective pedestrian mapmaking, but, at the same time, it raises the issue of motivating data collection and ensuring data quality. In this article, we explore some well-established 1 Two adjacent and parallel streets 'Grigoriou Marasli' and 'Leof. Alexandras' are visually depicted as having the exact same width on a popular digital map (left), which is widely used on mobile Apps for navigation. Although these streets are depicted with the same width on the digital map and might be suggested for pedestrian navigation as similar options they are significantly different in walkability (right), with the latter street being very pleasant (bottom right) citizen-science challenges in the design and deployment of a mobile App for pedestrians. In particular, we consider the research question: "Does mobile gamification enable effective data collection for pedestrian cartography?" Our App employees peer-review to reward-ban good-bad behavior. Moreover, we validated the design with a field study that resulted into a pedestrian-centered map that is significantly different to the original vehicle-centered one.
The rest of this article is organized as follows: In "Related work" section, we provide an overview of mapmaking, as well as relevant mobile Apps. In "Mobile application design and implementation" section, we describe the design of the mobile App, as well as the gamification and peer-review sub-system of the App. In "Results" section, we demonstrate the App and the results from a longitudinal field study. In "Discussion" section, we provide a discussion about pedestrian mapmaking with a mobile App system, and about citizen science and gamification. Finally, in "Conclusion" section, we provide the conclusion of our work.
Related work

Mapmaking and walkability
Mapmaking could be defined as the study and practical making of maps [6] . Nevertheless, it is impossible to define objectively the best-designed map. In contrast, users' needs, tasks, and goals play an important role in the design of geographical maps. A map should include only the information that has a real meaning for the users' task. Also, a map shouldn't illustrate reality in too much detail [7] . Therefore, every map aiming to be used for walking in a city should aim at the needs of users and their subjective perception about the urban area [4] . In some cases, an abstract map might be more useful than a realistic one. For example, Coulton et al. [3] used abstraction of features on a digital map of a location based game in order to encourage "head-up" navigation, which contributed to the engagement of players with their natural surroundings. In another example, the London Tube map was improved by focusing on the needs of commuters in comparison to the original, which was geographically accurate (Fig. 2) . Therefore, focusing on the needs of map users is more important than producing a geographically accurate map. Indeed, current digital maps focus very well on the needs of vehicle users, because they represent accurately the width of the streets, with respect to vehicle accessibility, but at the same time they neglect other users, such as pedestrians. Notably, the health benefits that walking brings, has led the Transport for London organization to release a "walk the tube" map ( Fig. 3) , in the hope that the people of London will increase the part of the routes which they do on foot [8] . Therefore, we realize that a cartographic representation of walking routes might encourage more people to move on foot, instead of motor vehicles. Besides expensive investments in improving the actual infrastructure (e.g., pedestrian streets), we suggest that one feasible way to increase the walkability of cities is to provide as much information as possible about streets that have improved walkability. For this purpose, we need to create a new kind of pedestrian map, which emphasizes the suitability of a street for walking. Indeed, it is known that the visual design of a map might influence user behavior. For example, in order to encourage the exploration of a city, the design of the Lancaster's digital map uses "dynamic visual hierarchies" [3] .
The actual process of the mapmaking is based on the following pillars [4] :
• Collection of appropriate data from the field.
• Analysis and visual presentation of data according to the users' needs.
In particular, we emphasize the first pillar that regards the collection of appropriate data, because the analysis and visualization can be done easily nowadays, thanks to the availability of computing, networking, and display technology. The collection of pedestrian route data could leverage geolocation sensors widely available in contemporary mobile phones [9] . Indeed, users have voluntarily contributed information and effort in order to build geographical maps, such as openstreetmap, which are considered to be of similar quality to work performed by trained and experienced professionals [10] . Although openstreetmap has built a high quality accurate map, it has not regarded the particular needs of pedestrians, just like the rest of the digital map offerings. In most cases (open-source or commercial), pedestrian streets are highlighted on a digital map, only when they are dedicated, but, usually, streets have mixed use. Therefore, there is a need to collect data about the level of pedestrian accessibility for many streets that have mixed use (vehicle and pedestrian).
There are many efforts to improve the visibility of walkable routes, but the majority of them is focusing on existing data-sets, or only provide annotations and mash-ups of existing vehicle-oriented maps. For example, Quercia et al. [11] has leveraged the availability of Google Street View data in order to annotate and characterize streets that are suitable for pedestrians. In this way, they can annotate existing maps with pedestrianfriendly routes, but it is not known whether these routes are preferred in the actual practice of walking, because the annotation is performed on a desktop computer. In summary, previous works on mapmaking and walkability have not considered the employment of user-generated data for the transformation of a new kind of pedestrianfriendly cartography. Instead, we suggest that the creation of pedestrian-friendly cartography requires pragmatic data collected by pedestrians on the field, which will enable the production of pedestrian maps, at the next stage.
With regard to available mobile Map Apps, they are divided into two main categories: GPS recording Apps and map projection Apps. Some examples of the first category are GPS Logger for Android, OSMTracker for Android and My tracks. Their common feature is that they record tracks in GPX files. An example App from the second category is Cartographer, which displays Google maps in a beautiful user interface, which makes them look like they are old (Fig. 4-left) . Furthermore, another example is the PDF Maps that reads GeoPDF maps and also allows the user to record his paths (Fig. 4-centre) . Of course, most Apps with maps, nowadays, are navigators. For example, MapQuest is an App where users can ask directions on how to reach a place. It is notable that there is clear labeling of different types of roads, for example, motorways are marked with thick blue lines, main roads with yellow and one-way with arrows ( Fig. 4-right) .
Citizen science and gamification
Citizen science has emerged as a complementary way for collecting and analyzing data with the purpose of tackling a scientific or practical problem. According to Silvertown [12] citizen scientist can be defined as: "A citizen scientist is a volunteer who collects and/or processes data as part of a scientific enquiry. " Citizen science projects have been growing in popularity and they span scientific disciplines, especially in the life and environmental sciences. Citizens are motivated to participate in the collection and analysis of data especially when these data affect their own well-being and their quality of life [13] . Walkability in the city is naturally a suitable domain for citizen science, because the street network is very vast and complex to analyze by other means and because walkability is important for many citizens.
Besides citizen-science, participatory design has also emphasized the importance of involving users in the design, development, and improvement of systems. In particular, urban planning has embraced participatory methods for highlighting the quality of the street network with regard to pedestrians and bikers [14] . In order to create a successful crowdsourcing (or user-generated content) App, it is necessary to motivate the users to use it more often. For the design of the interaction we leverage the power of game playing. Deterding et al. [15] Gamification has been a popular technique with many mobile Apps, which are based on user-generated content. A popular commercial (for-profit) locative media system that has successfully employed gamification is Foursquare. It started in 2009 and at the time of writing (2016), it has more than 55 million users [16] . The App encourages users to "check-in" places, by rewarding them with points and badges. The "check-in" feature has become so popular and familiar with users that has been adopted by similar applications, such as Facebook Places. In addition to "check-ins", locative media applications encourage users to provide ratings and to leave comments. It has been found that users are motivated by gamification (points, badges) to provide sensitive data (e.g., location), but few of them are also concerned about their privacy [17, 18] .
Previous research has explored locative media mobile Apps and has found that they have improved the quantity and the quality of user-generated content by means of gamification. Reddy et al. [19] created a platform for cyclists where the participants could share paths and experience. This can be achieved through a mobile App that records the paths that they follow and allows them to upload geo-tagged characterized pictures or video. However, it is mentioned that users found as an inhibitory factor the phase of calibration demanded, for the recording of small paths, as well as disturbing the fact that they had to stop cycling in order to take a picture or a video. In addition, Roccetti et al. [20] created an App that suggests proper paths for disabled people. For the collection of such data they used disabled people and asked them to evaluate a path they followed for many times. In order to motivate them, they used a system of repayment, from points and ranking. Prandi et al. [21] explored ways to encourage users to upload geo-tagged photos of obstacles on their system, which identifies viable paths for people with movement difficulties. They found that gamification features increased the involvement of contributors.
Nevertheless, an important research issue is the trust we can have on user-generated content such as ratings and check-ins. In citizen science projects, it is possible to have users that try to increase their profits through cheating or sloppiness. For example, a user might upload many irrelevant items in order to gain points, or might give negative rating to contributions by other users in order to reduce the points gained by others. For example, Eickoff et al. [22] mention that gamification can be leveraged as a technique of discouraging malicious data. Therefore, it is important to employ gamification not only for encouraging a big number of user contributions, but also for discouraging bad contributions.
Mobile application design and implementation
Gamification, peer-review, and scoring system
In order to motivate the users of our App to use it as much as possible, we have been inspired by Foursquare and we employed lightweight and familiar techniques of gamification. These are the collection of points and the equivalent rating of users. Moreover, we have developed techniques for discouraging the recording of malicious data. For example, a path could have been done by car instead of walking, or a fake road tagged as pedestrian so that users can gain more points. For this reason, users are given a negative rating according to the commenting of the path from other users. The negative rating technique has been based on the ideas of Stack Overflow [23] . Thus, the negative points that a user can get if their path is commented negatively, are less than the positive in order not to discourage them from uploading a path for which they have doubts about how good it is.
The above have been implemented in a scoring system. When the user uploads a path there is a gain of 0.05 points for each meter of the path. The grading is based on the meters chosen, in order for the user to have a motive to record as many paths as possible. Also, there is a gain of 20 points for each tag that has been added along the path. The relatively many points that the user wins, motivate the user to tag the path and not to put the mobile phone in the pocket during the recording. In addition, the user gains 50 points if the path is new. The relatively many points in this case contribute to choosing new paths in order to map a city as quickly as possible.
With regard to the comments, when a path, which a user has uploaded, is commented, the user loses 30 points if the path is graded with 1, loses 15 points if the path is graded with 2, no points if the path is graded with 3, the user wins 30 points if the path is graded with 4 and, the user wins 60 points if the path is graded with 5. Furthermore, when the tags of a path uploaded by a user are commented then the user loses 30 points if the path is graded with 1, loses 15 points if the path is graded with 2, no points if the tags is graded with 3, wins 40 points if the tags is graded with 4 and wins 80 points if the tags is graded with 5. Finally, each user wins 150 points for every comment of a path, since we want to test if the big amount of points is a reason why users comment a path.
Geo-location and cartography
Before choosing the right geolocation technology, we compared their theoretical capabilities. Our App has a requirement for highly accurate geolocation (e.g., within few meters), since its aim is the mapmaking for pedestrian routes, which, in some cases might be narrow. So, the GPS as an option of an exclusive provider seems like the best option. Nevertheless, the Global Positioning Standard (GPS) as much as the Assisted-GPS (A-GPS) don't function properly in urban areas due to the limited visibility of satellites from the upper buildings [24] . This problem is significant in pedestrian routes, because they move closer to the buildings. But there are plenty of networks of Wi-Fi in a city and especially in the centre. This helps to identify the position more accurately.
Google offers the service of the fused location provider [25] for Android devices' programmers. Even though the algorithm that it uses is not public, it combines many technologies (e.g., GPS, WiFi, Cell towers) for the detection of a geo-location. Programmers can also choose if they want an increased accuracy of about 10 m. In addition, the service promises high accuracy even inside buildings. This is something that we do want for our App when pedestrian walkways inside buildings are mapped like the Market of Chania. We compared between two alternatives for the geo-location sub-system. Kasemsuppakorn and Karimi [26] suggest an algorithm for creating a pedestrian network that comes only from GPS data from users' mobile phones. We implemented their algorithm in order to compare it to the Google fused location provider.
Paths recorded by a location sensor (ex. GPS) are not clear and need correction. For this purpose, we implemented several algorithms in the server for the correction of paths that were uploaded by users. The first filtering rejects the points that had very small accuracy, as it is suggested by Kasemsuppakorn and Karimi [26] . Next, the smoothing of the path is performed according to the algorithm of Douglas and Peucker [27] . Moreover, the Google Directions API has been used, and it enables snapping points to road [28] . This was carried out only for the tagging of the roads since there are API quotas that prevent its use for the entire length of the path. Post-processing of geolocation data is quite common in mapmaking. For example Google Maps are created by a combination of algorithms and elaborate manual effort [29] . Indeed, Google uses a small army of operators to align the paths from the algorithms with the paths of the satellite image, by dragging them (Fig. 5) . Therefore, it is impossible to optimize any map without significant manual effort.
We wanted to support base layer maps in our App in order to allow the removal of the existing layer of the road-network, which should be replaced by the pedestrians' layer. This is possible in the Google Maps API v3, which was used not only for the illustration of the pedestrians' maps but also for the illustration of other users' paths. We also used the Google Maps API v2 because it is free and does not have restrictions in order to reduce the possibility of service interruption.
System architecture
The mobile App was created for the Android operating system. In the fourth term of 2015 the Android was leading in the market of mobile phones with an 80.7% [30] . For the server, we employed established technologies such as PHP and MySQL that were satisfying for our App. In addition, for some operations the language JavaScript has been used, such as the illustration of users' paths on the server.
The system is based on the client-server architecture (Fig. 6) . The server implements an application programming interface (API) that is responsible for serving queries made by the client as well as for data storage such as storage paths of users in GPX files or users' reviews, by means of a MySQL Database. Also, it is responsible for sending to the client a review or pedestrian map. On the client, there are activities that get (or send) data from the server, using HTTP queries. Moreover, there is a SQLite database that stores user data, and which is managed by the Database Handler. In addition, on the client is a Location Service, which is responsible for recording the user's path. Finally, it is worth noting that the Path Recording Map is created within the client.
The recording of users' paths has been done in GPX files which are the most widespread files for exchanging geographical data and in this way the system might provide linkeddata to other systems. Google Maps API v3 has been chosen for the illustration of the final pedestrians' map. It allows only the KML level (and not GPX) for the illustration of the pedestrians' road level in a city, for this reason a KMZ file (zipped KML file) has been used.
User interface
The main screen of the App shows the map of a city of interest with the paths that have been recorded by the users until now with a red color (Fig. 7-left) . The user is given the ability to record a path that they will follow by pressing the button "Start Path". If this happens, the App finds the position of the user and if this is located in the town of interest it starts recording of the path. The user's path is recorded with a green color so as to be distinguished by the other paths ( Fig. 7-right) . At the same time, there is also a spinner so the user is able to choose the type of path they are in every moment (Fig. 7-centre) . The user must make this choice every time they change types of path. Here is the range of choices: (1) sidewalk, (2) crosswalk, (3) pedestrian walkway, (4) accessible entrance, (5) pedestrian bridge, (6) pedestrian tunnel, (7) trail. We chose this distinction between seven types of paths for pedestrians, according to the Kasemsuppakorn and Karimi [31] project.
When the user reaches the end of their path, the App transports him to another screen that encourages him to upload the path and informs the user about the points that he will win if they do it (Fig. 8-left) . Moreover, at any moment the user is able to go to the ranking screen (Fig. 8-centre) . In addition, the user can also visit the peer-review screen in order to evaluate another user's path (Fig. 8-right) . In the review screen the user can choose to see the tagging data ( Fig. 9-left) . The review is made for the path (Fig. 9 -centre) and separately for the tagging of the path. Finally, the user can choose to see the pedestrians' map that has been created until now (Fig. 9-right) .
Exploratory study
Before the final evaluation, we performed an exploratory study, in order to improve the usability of the mobile App and to test the robustness of the server side. For the exploratory evaluation, we first created one App for Chania. Besides the behavioral data of walkable routes and peer-reviews of uploaded routes, we employed unstructured interviews, in order to gain in-depth understanding of users' motivations and attitudes. Five users were recruited (Table 1) and they were asked to use the App for 2 weeks with the goal of competing for more points.
The conclusions extracted from the interview were:
• The gamification (points and rating) motivates users to record more paths in order to compete with others on the leaderboard. 
Results
Participants, method, and attitudes
In the final stage, we did a longitudinal evaluation in order to address the main research question, by carrying out a quantitative evaluation. For this purpose, we created an App for Corfu (Greece). The App was given to 13 students at the Department of Informatics in the Ionian University and asked to use it for 7 weeks. The majority of users was male (84.6%) and 19-25 years old (92.3%). All used their feet as a means of transport and the majority was familiar with an Android mobile phone, since 76.9% of the users had one in their possession for over a year. Also, 61.5% of the users had used a GPS recording App (Fig. 10) . As a reward, the students would receive a bonus grade in a course on HumanComputer Interaction. It should be noted that the App included Google Analytics for measuring users' engagement. Afterwards, users were asked to complete a questionnaire on their experience of using the App. Finally, 9 out of 13 users (Table 2) , who downloaded the App, uploaded paths to the server.
We extracted several interesting conclusions from the examination of users' attitudes: First of all, the recording of a path did not seem to make it difficult for a user, since everyone felt that the process was easy to some extent (Fig. 11) .
Also, the average length of paths was about 1300 m and the average length of path, held by the subject who made the smaller paths, was 522 m. Therefore, the 0.05 points gained by players for each meter of path are satisfactory for failing to take short paths, just to gain 50 points which be gained by a new path. Indeed, the gain of points seems to have affected a 23.1% perform longer paths, as shown by their answers (Fig. 11) .
Furthermore, the 90 paths performed during the experiment, appear sufficient to create a relatively complete pedestrian map. This is also because, as shown by the answers of the users, the majority of them, which was a 53.9% (38.5 + 15.4%), influenced by the routes of other users and performing a new path to gain more points (Fig. 11) . Also, the design of the App helped, as revealed by the interview of the previous experiment, since 100% of users understood the significance of the red and green lines. Finally, it is worth noting that the gain of points influenced a 30.8% (23.1 + 7.7%) to perform more routes (Fig. 11) .
It is worth noting that six of the nine participants who uploaded paths, put on average one or fewer tags per path, although they changed road type. Indeed, from the answers of the users, it seems that a 38.5% (23.1 + 15.4%) influenced little or not at all, and another 38.5% was not influenced as much as we hoped, by the gain of points for this purpose (Fig. 12) . Also, a 61.5% (53.8 + 7.7%) considered annoying factor having to hold the mobile phone during the path for this purpose (Fig. 12) . This is in agreement with the conclusion of the interview in the previous experiment. Indeed, the nontagging of the paths, it should not be seen as a lack of understanding of tags use, since 53.9% (38.5 + 15.4%) stated that they understood their use much to very much and an additional 30.8% said they understood enough (Fig. 12) . Last but not least, there were seven users (53.9%) who understood much or very much what to do for review the paths of other users (Fig. 12) . We believe that this percentage is relatively small due to the fact that no explanations were given to users and also the App did not have any help. Of these, three users (23.1%) were influenced by the gain of points in order to review the paths of other users (Fig. 12) . In fact, as shown in Table 2 , only four users tried to review the paths of other users. Therefore, we believe that the points they were gaining, was an important factor in order to review on a large number of paths. Unfortunately, as shown in Fig. 13 , only one of the three users (with uid 10), appears to be rated according to the reality the paths of other users. The second subject (with uid 14) seems to have rated lower the paths of other users, at least in beginning, possible in order other players to lose points, so he can get ahead in score. The third subject (with uid 13) seems that he has rated with "excellent" the paths of all users, in order just to win points easily. While the results show that the points are important to encourage players to review on the paths of other users, however, we need to find a more effective way of scoring for this purpose, e.g. loss of points for users who comment negatively good paths of other users. Fig. 11 The answers of the subjects (first questions) Fig. 12 The answers of the subjects (second questions)
Users' engagement and privacy
The majority of users didn't lose their interest during the experimental period, since the number of users who used the App was almost constant during the experiment, like Google Analytics showed (Fig. 14) . We believe this is due, to some extent, to gamification of the App, since we noticed some users were trying to keep or increase their ranking.
It is worth mentioning that during the recruitment of participants, we noticed that the invasion of privacy is an inhibitory factor for mobile Apps that record paths. We protect user privacy because the App doesn't record all the time. The user can choose which path is going to be recorded and if it should be uploaded at the system for post-processing and inclusion in the aggregate pedestrian cartography. Moreover, uploaded paths are shown to other users for evaluation, but they can't see who uploaded them. However, we met potentials participants that answered they wouldn't upload their paths, for any reason. This is normal because there will always be a group of users-about 25-30% according to Kumaraguru and Cranor [32] -that are reluctant to participate in any type of user-generated content App.
Comparison of GPS and fused location provider
During the field study, we gathered very useful data on the data base of the server, from which we can compare GPS and fused location provider.
Fused location provider in a combination with the smoothing algorithm is the best choice. This can be seen in Fig. 15 in which has been recorded a path from fused location provider and for which the GPS didn't give any position, as well as in Fig. 16 in which there is a comparison of a path with just the use of GPS provider, just the use of fused location provider and in the end, the fused location provider combined with the use of smoothing algorithm and of "snap to road" for tagging. The "snap to road" works very well for tagging (Fig. 16 ).
Mapmaking
The next step after the data collection of walkable routes is to represent these data in cartographic format. In this section we briefly describe the way we created the pedestrian map in order to assess whether its creation is possible from user-generated data. Firstly, we developed an administrator's website, which displays on a digital map (Fig. 17) one by one all the routes that have been uploaded to the server by the users. Next, we used the My Maps application from Google, and for each path that was uploaded, and which was rated positively or was not rated, we were creating the corresponding line (Fig. 18) . If a piece of the path has already been uploaded, then we were increasing the thickness of the corresponding line. Moreover, for each new street we assigned a color according to the tags that were put by users. For example, if they had put one sidewalk tag, then we colored the line blue (Figs. 17, 18) . Then, once we have created the map, we saved it as a KMZ file and we uploaded it to the server so it can be displayed from our application. Moreover, we have created a heatmap by automatically merging the paths (without their type), the result of which is shown in Fig. 19 . Ideally, we would like to have as much as possible automatic creation of the map from the user-generated routes, but this is a subject of future work, as discussed in the next section.
Discussion
Pedestrian mapmaking and mobile App system
The task of mapmaking requires data collection and produces the visual format of cartography, which can be regarded as a user interface for navigating the physical world. The most important activity in mapmaking is the collection of suitable data. We suggest that in the case of pedestrians the data consist of actual routes traveled on foot. A mobile App enables the users to record and upload a route. Due to the inaccuracy of the GPS sensor in a city environment, we used Google's fused location provider, which can give a highly precision in urban areas. Indeed, the time to first fix is reduced and we believe that this can improve recording of pedestrian routes. For example, users won't be discouraged to record short paths, such as the Biketastic [19] that demands users to spend some time for the calibration of the App.
In this work, we have delegated the collection of data to users through crowdsourcing, but, in the current version, there is also a need for manual effort in order to visualize the data into a useful cartography. We do not expect that a pedestrian cartography could be complete without some manual effort during the post-processing of uploaded routes. Indeed, manual effort is demanded for the creation of cartography, which is something that Google also does for its popular map system [29] . We suggest that an important challenge for the future is to increase the automation in the creation of a pedestrian map, but we expect that there should also be some manual effort. Although some features did not work-out as expected (e.g., tags), the recording of routes with minor post-processing has resulted in effective pedestrian cartography (Fig. 20) that is significantly different to a typical digital map, which emphasizes (implicitly) motor vehicles (Fig. 21) .
Previous works in pedestrian navigation have highlighted the importance (and the lack of ) pedestrian-centred navigation, but they have not produced new cartographies or open systems. Traunmueller et al. [33] have created a pedestrian navigation mobile App (Likeways iOS App) that leverages social media check-ins (e.g., Facebook places) in order to infer social places, which become waypoints in a suggested route. Nevertheless, the Likeways App makes the implicit assumption that users want only to go Fig. 19 Automatically merge of paths through social routes. The City 'R' Us App (Android) asks users to upload routes according to means of transport (e.g., walking, running, biking, accessibility, etc.), which are displayed on a standard (motor vehicle-centered) digital map. Among the many social Apps, there is also a contrarian App created by Posti et al. [34] , which promotes asocial hiking. The App suggests isolated paths, which are less likely to have other people based on geotagged photos from Flickr and wifi-sniffing. This App suggests that sometimes a pedestrian might opt for an isolated route, thus the sociability of a pedestrian map layer should probably be just a parameter among many others, such as accessibility, safety, nature, sightseeings, shops, etc. The above are useful mobile Apps, but their goals and utility does not extend beyond the App itself. In contrast, our open-source App and the back-end system are just a means to an end, because they employ gamification and crowdsourcing in order to create a new kind of cartography.
In summary, we have developed and tested in the field a mobile App and the corresponding back-end service that facilitate the collection and processing of pedestrian routes in a semi-automatic way. Previous works have also employed a participatory approach in the data collection [14] , but they have regarded neither automatic geo-location nor engagement through gamification. In our work, the majority of the workload Fig. 20 The comparison between the original Google Map (left) and the one that is based on actual walkable routes travelled by city dwellers (right) demonstrates the differences in perspective between a motor-and pedestrian-centred cartography Fig. 21 In addition to the streets mentioned in the introduction, Stamatiou Desila street is visualized with a rather wide line at the top right of the Google Map (centre), but it has not been preferred by pedestrians, since it is a noise street, busy with motor cars, and small pavements (left). Stamatiou Desial street, which is close to Marks and Spencer, is visualized with a rather thin line at the top right of the pedestrian map (right), because it is not considered as a walkable street has been delegated to end-users through a crowdsourcing of their actual routes, which is based on gamification. We have confirmed Haklay et al. [35] that even a small number of motivated users who performed a few kilometers each (2-5 km) has produced enough data to create a useful pedestrian map for a small city of forty thousand inhabitants. In addition to demonstrating the feasibility of this App in the field, we have made the source code of the server and the mobile App available for other researchers, in order to validate, improve it, and hopefully apply it to similar scenarios (e.g., biking, accessibility) that require the collection and analysis of routes. In the current field study, we aimed mainly to evaluate the feasibility of the idea and of the system, so the analysis of the results are rather qualitative than quantitative, because there are only a few participants. Further research, should consider validating the system for larger cities and with more participants, which should allow tests of statistical significance, too.
Citizen-science and gamification
In addition to validating a mobile App system that facilitates the collection and processing of route data, we have employed gamification elements as a means to motivate users to participate in a common effort for mutual benefit. In particular, we employed a simple scoring system for route collection as well as for peer-review of collected routes. We employed gamification similarly to Quercia et al. [11] and Roccetti et al. [20] and we found that more than a few users have been highly motivated to find new routes and to moderate bad behavior. In contrast to Roccetti et al. [20] , we gave the users the ability to upload whatever route they want, even if they don't usually follow it, because in our research we aim to record all possible pedestrian routes. Although the gamification of the mobile application could be considered as lightweight in comparison to related work (e.g., [21] ), it has been sufficient to collect enough data for preparing a pedestrian map of a small city with forty thousand inhabitants. Moreover, similar lightweight gamification methods have proven very successful in commercial services, such Foursquare, which motivates user to check-in just by offering (mayor) badges. Overall, we found that even a simple point system that encourages route uploading and moderation is enough to bootstrap pedestrian cartography that is significantly better than popular digital maps.
Although gamification offers a wide spectrum of game elements, we found that only some of them have been useful in our App. The type of route followed by pedestrians could be potentially useful in mapmaking, so we created a user interface menu in order to be able to choose easily the type, instead of asking them to take pictures or videos that had been characterized as annoying in the work of Redy et al. [19] . Motivating users to add road tags through generous points, hasn't been effective enough, since there were many users that didn't add tags. A possible ergonomic explanation is that users want to have their hands free during their walk. In further research, we suggest the expansion of the App on smart watches of users. Nevertheless, there are some concerns about privacy and geo-location with many users, who are not comfortable to participate at all.
Gamification has provided significant motivation for many users to upload and to peer-review routes, but it has also created motivation for cheating. Few users have tried to give negative or low scores to excellent contributions. There are two possible solutions, one is to update the scoring system and the second is to have an additional user group with super-user privileges. This kind of behavior is common in citizen-science and user generated content projects. We have been able to monitor and report this kind behavior because we deliberately employed a small number of users in a small city that we are familiar with. Nevertheless, in order to scale this system to more users and cities, there is a need for additional administrative user's interfaces that facilitate monitoring. Further practical systems should consider to have expert and trustworthy committees of users that monitor and ban bad behavior, just like Wikipedia. Therefore, we suggest that pragmatic pedestrian cartography could be deployed initially in urban workshops with few dedicated users, in order to create a strong and trustworthy community that is going to monitor the system as it expands to more users. In further research, we suggest a comparative study with different types of users (e.g., urban planning students, citizens), in order to be able to draw conclusions about the type of motivations (intrinsic or extrinsic).
In summary, we found that citizen science through mobile App gamification is a feasible means for pedestrian mapmaking, just like it has been for popular locative media. The gamification user interface that we employed is conceptually similar and inspired by popular locative media Apps such as Foursquare and Facebook Places. Users are familiar with user interfaces that allow them to check-in places and provide implicit (e.g., number or total check-ins) or direct feedback (e.g., stars or tags) about the respective locations. Locative media Apps employ very simple scoring systems, such as points for each check-in and badges for repeated check-ins, as well as stars and tags. Our user interface builds upon the above familiarity and enables the users to "check-in" routes instead of fixed places. Existing locative media Apps also provide a user interface for reporting bad content. Similarly, our user interface has successfully encouraged peer-reviewing of uploaded routes by introducing a simple scoring system. Further research is required for crowdsourcing and gamifying the manual effort that is necessary for the post-processing and the final cartographic visualization, since uploaded routes are not visually pleasing or accurate as such.
Conclusion
"A map is not the territory it represents, but, if correct, it has a similar structure to the territory, which accounts for its usefulness" Korzybski [7] .
This work is based on the realization that an abstract map is more useful than a realistic one in many cases, as long as the abstraction is fit for the user task. In our cartography, we employ a different color shade, according to route type e.g. sidewalk, or pedestrian walkway, which is a common practice in mapmaking. For example, the width of roads should be illustrated according to the respective pedestrian popularity, which might vary according to seasons, time of the days, and personal preferences, which are worth exploring in further research. Moreover, further research should consider alternative cartographic visualizations (e.g., a popular route might fade in visibility if it is not being followed after a certain amount of time), as well as the needs of alternative users groups, such as cyclists and users with special needs.
Most notably, our work has emphasized the creation of a pedestrian map with pragmatic routes that have been followed by fellow city dwellers in the past. If citizens consulted a pedestrian-centered map and found that the respective path was considered walkable by many inhabitants, they would be motivated to switch the means of transportation and commute towards more walking, thus improving well-being. Pedestrian-centered cartography would also lead to a more walkable city, since city officials and activists could deploy plans based on pragmatic data: actual walkable (or not) paths. Overall, the result would be beneficial for the city and the quality of life would be increased [36] . In conclusion, we suggest that the App can be expanded easily for the creation of other types of maps, besides pedestrians' , e.g., cyclists, accessibility. In addition to producing new kinds of cartography, we suggest that long-term civic engagement in the identification of walkable routes might increase well-being and quality of life in cities.
